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Description 

Field of the invention 

[0001] Tills invention reiates to a novel de^sable vacuum cleaner bag composition wfilch is notabiy superior to 
existing vacuum cleaner bag constructions in terms of dust holding capacity, minima! increase in pressure drop with 
dust loading, and in ease of bag fabrication and shape retention, while achieving filtration effidency values which 
compare most favorably with premium commercially available bags. 

Badcground of the Invention 

[0002] Over the last few years, a number of companies have developed raw materials and components for vacuum 
deaner bags to replace the older single layer paper t>ag and the well-i^own two-ply bag, having a downstream filter 
paper and an upstream tissue paper, with bags having upstream layers of either wet-laid tissues or fibrous fleeces 
such as meitbfown (MB) ultra-fine webs occasionally referr^ to herein as '^filtration grade MB fleece". Some manu- 
facturers of vacuum deaners have even marketed bagless vacuum cleaners to avoid the cost of bags. However, this 
type of vwuum deaner has less suction and the compartment holding the dust must be emptied manually, and this 
largely nullifies its advantages by exposing the worker and the environment to the concentrated dust Nevertheless, 
the bagiess deaner has prompted manufacturers to continue to improve the overall perfbmnance of l>ags. Additionally 
fibrous components randomly laid in three dimensions by dry-laying and wet-laying technologies were developed to 
provide low density and high bulk for novel filters with ^ater air penneabllity and particulate holdlr^ capacity. 
[0003] The prior art addressed the problem of providing a vacuum deaner bag with improved filtration efficiency. US. 
Patent No. 5,080,702, Home Care Industries, Inc. discloses a disposable filter container-like bag which comprises an 
assembly of juxtaposed plies, namely an inner and outer ply of air pervious material. U.S. Patent No. 5,647.861 (EPO 
0 822 775 B1) disdoses a three layer corrposlte of an outer support layer, middle charged fibrous filter layer having 
specific properties and an Inner diffusion layer unbonded except at least at one seam to the fibrous filter layer. The 
diffusion layer is described to provide the filter bag as its main function with resistance to shock loading. EP 0 338 479 
to Gessnerdlsciosesadustfiiter bag with afibrillatedfieece-lined outer layer offilter paper. The filtraitlon grade fitnrlllated 
fieece layer Is upstream of the filler paper, which is provided in form of a standard filter paper. 
[0004] WO 97 30772 discloses a multi-layer filter bag insisting of a composite of two paper layers acting as coarse 
filter (inside), a meitblown layer acting as fine filter and a spunbond layer acting as support layer (outside). 
[0005] In the vacuum bag of the Invention the prindpal function of the inner layer is that of high dust-holding capadty. 
[OOOq With the advent of electrostaticaiiy charged MB fleeces, it has been possible to produce bag laminates with 
filtration efficiencies on the order of 99.8-99.9% to fine dust at a moderate airflow. However, conventional MB webs 
are essentially flat filters. Consequently, filter structures that utilize MB webs quickly load up with dust, reduce the air 
suction, and lose further dust pick up ability by the vacuum cleaner. Today, the standard dust bags have an air perme- 
ability of 200 to 400 l/(m2x s). It is desirable to have a combination of paper types and other liners, induding MB liners 
that woidd yield a hi^ effidency of up to 99.9% and also, allow a high fiow with minimal pressure gradient incrBase 
measured by the DIN 44956-2 Test. 

[0007] A primary object of this Invention is to provide a novel vacuum cleaner bag composition capable of extremely 
high filtration efficiency to fine dust and of maximum performance of a vacuum cleaner in terms of continuous high 
suction for picidng up dust without a notable increase in pressure drop until the bag is filled. 

[0003] A second objecfive of this Invention Is to provide a bag with a composition such that it has the rigidity needed 
for it to be fabricated and shaped on conventional vacuum deaner bag making equipment 

[0009] A third objective of this invention is to construd a vacuum deaner bag medium that by virtue of its excellent 
filtration efildency and superior non-blocking, high airflow performance, will be most suitable to the new European 
trend of small vacuum deaners, with of course, smaller vacuum dust bags. 

[0010] These and other objedives of this inventor will become apparent to one skilled in the art ftxjm the following 
disclosure. 

SUMMARy OF THE INVENTION 

[001 1] The above objedives are solved by a filter for removing particles in accordance with Claim 1 . 
[0012] A disposable vacuum deaner bag that has an air pemneabinty of greater than 400 l/(m2x s) was developed. 
This was accomplished by pladng a filter paper on the upstream air side of a filtration grade MB fleece/spuntond two- 
ply component. Instead of pladng a filter paper on the outside (i.e., downstream air side) of the bag, as is typically 
done. It should be noted, however, that prior art bag oonstrudions often place a lightweight (typically 13 g/m2) tissue 
fleece upstream of the MB fleece for support and to protect the MB fleece from abrasion. This lightweight tissue fleece 
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only filters some of the largest dust particles. 

[0013] In the new filter bag construction, it is possible to use a coarse filter paper occasionally nsfemed to herein as 
*'high dust holding capacity" or "capacity" paper or layer, on the most upstream layer inside the bag. This invention 
also allows for optional use of lightweight tissue fleece, netting or other scrim on the most inside layer upstream of the 

s filter paper. Thus, large dust particles are removed by the coarse filter paper (and possibly to a minor extent by the 
light weight tissue fleece, if used). The filtration grade MB pari of the bag fabric can serve more effectfveiy as a filter 
without dogging up, since it does not need to hold the bulk of the dust, if desired, a wet-laid tissue may also be used 
In front of the coarse paper. This constmction Is very much unlike the earlier constructions that used MB liners on the 
Inside of the t>ag, and which depended upon the MB web lor both dust holding and filtration. Furthermore, the paper 

10 gives the bag the rigidity needed to fat>ricate and shape the novel bag composition on conventional vacuum cleaner 
bag malcing equipment. 

[001 4] The novel vacuum cleaner bag thus comprises a flat composite of a coarse fitter layer comprising at least one 
of (a) a wet-laid high dust holding capacity paper, (b) a dry-laid high dust holding capacity paper, (c) a high bulk melt- 
blown nonwoven, and (d) a Spunblown (Modular) nonwoven positioned upstream In the direction of air flow of a filtration 
15 grade meitbiown fleece layer formed Into the bag having at least one air Inlet defining means in the flat composite and 
at least one seam forming the flat composite Into the t>ag. The filter layer operative according to this invention which 
Is positioned downstream of the coarse capacity layer Is sometimes referred to herein as a "secondary" or "high effi- 
ciency filtration" layer. 

[0015] A scrim of typically about 13 g/m^ basis weight may be placed on one or both sides of the coarse filtration 
20 layer/secondary filtration layer pair for improved abrasion resistance and ease of bag fabrication. Preferably, the scrim 
Is positioned as the most upstream layer of tfie structure. Also, any or ail of the layers in the novel enhanced performance 
bag constructions may be adhered by hot melt adhesives, glues or tsy themnai or ultrasonic tx^nding, or by a combination 
of these laminating methods. 

[0016] A vacuum cleaner bag utilizing the enhanced performance oomposite structure of this invention has been 
26 found to have filtration effidency performance favorably comparable to other vacuum cleaner bag structures. The 
enhanced performance structures generally have better than a 95% efficiency to the DIN 44956-2 test and can typically 
undergo two to three times as many DIN dust loading cycles as comparable bag constructions. They also have up to 
five times the DIN loading cycles as conventional bag constmctions characterized either tiy a serf m In front of standard 
wet-laid paper or by a MB filter fleece in front of a standard wet-laid paper. 

30 

Brief DescrlipUon of tlhs Drawings 
[0017] 

36 FIG. 1 is a schematic cross-section of a traditional vacuum cleaner bag construction consisting of wet-laid tissue 

(inside of bag) and filter paper (air outlet side). 

FIG. 2 is a schematic cross-section of a two-layer vacuum cleaner bag in which MB ultra-fine fit)er fleece Inside 
of bag serves as both the dust holding and filtering components. 

40 

RG. 3 is a schematk: cro8&-section of a three-layer vacuum cleaner t>ag in which a wet<4aid tissue fleece with very 
little dust holding capacity Is added to protect the MB fleece from abrasion. 

FIG. 4 is a schematic cross^sedion of a ttiree-layer vacuum cleaner bag construction according to this Invention 
46 in which a special bulky MB is placed in front of a filtratk>n grade MB fieeoe and the spunbond layer Is placed on 

the outside of the bag. 

FIG. 5 is a schematic cross-section of a three-layer vacuum cleaner bag constmction according to this invention 
in which wet-laid capacity paper is placed In front of filtration grade MB fleece. The outer layer may be a spunbond, 
so wet-laki, dry-laid, hydroentangled nonwoven, netting or any other type of nonwoven or woven scrim. 

RG. 6 is a schematic cross-section of a three-layer vacuum cleaner bag construction according to this invention 
in which dry-iaid capacity paper is placed in front of meitbiown fleece. The outer layer may be a spunbond, wet- 
laid, dry-laid, hydroentangled or other type of nonwoven scrim. 

55 

FIG. 7 is a schematic cross-section of an Innovative vacuum cleaner bag of Example 7 in which a fieeoe/carbon 
layer has been placed as an odor absorption layer with t^asicaliy the same filtration properties as a filter combination 
only filtering dust. 
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FIG. fiA is a schematic cross-section of an embodiment of tlie vacuum cleaner bag construction according to this 
invention. 

FIG . 6B is another schematic cross-sedion of an embodiment of the vacuum deaner bag construction according 
s to this Invention. 

FIG. dC is another schematic cross^ection of an embodiment of the vacuum deaner bag construdion according 
to this invention. 

10 FIG. 8D Is another schematic cross^edion of an embocfiment of the vacuum deaner bag construdion according 

to this Invention. 

RG. 8E is another schematic cross^ction of an embodiment of the vacuum deaner t>ag constmdion according 
to this invention. 

15 

FIG. 8F is another schematic cross-section of an embodiment of the vacuum deaner bag construdion according 
to this invention. 

FIG. 8G is another schematic cross-section of an embodiment of the vacuum deaner bag construdion according 
20 to this Invention. 

RG. 61-1 is another schematic oossHsedlon of an embodiment of the vacuum deaner bag construdion according 
to this Invention. 

25 FIG. 81 Is another schematic cross-section of an embodiment of the vacuum deaner t>ag construction according 

to this invention. 

FIG. 6J Is another schematic cross-section of an embodiment of the vacuum deaner bag constoiction according 
to this invention. 

30 

FIG. 6K is another schematic cross-section of an emtsodiment of the vacuum deaner bag constmdion according 
to this invention. 

FIG. 8L is another schematic cross-^edion of an embodiment of the vacuum cleaner l>ag oonstnjdion according 
. 36 to this Invention. 

FIG. 8M is another schematic cross-section of an embodiment of the vacuum cleaner bag construdion according 
to this invention. 

40 FiG. 8N is another schematic crossnsedion of an embodiment of the vacuum deaner bag construdion according 

to this Invention 

RG. 80 is another schematic cross-sedion of an embodiment of the vacuum deaner bag construdion according 
to this invention. 

46 

RG. 6P Is another schematic cross-sedion of an emtxxiiment of the vacuum deaner bag construdion according 
to this Invention. 

RG. 8Q is another schematic cross-section of an embodiment of the cleaner bag construdion according to this 
so invention 

RG. BR is another schematic cross-sedion of an embodiment of the vacuum deaner bag construdion according 
to this Invention. 

ss RG. 68 Is another schematic cross-section of an emt»diment of the vacuum deaner bag construction according 

to (his invention. 

FiG. 6T is another schematic cross-section of an embodiment of the vacuum cleaner t>ag construdion according 
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to this invention. 

FIG. 611 i5 another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
10 this invention. 

6 

RG. 6V is another schematic cross-section of an emt>odimen(t of the vacuum cleaner bag construction according 
to this invention. 

RG. 8W Is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
fo to this invention. 

FIG. 8X Is another schematic cross-section of an err^diment of the vacuum cleaner bag oonstnjdion according 
to this Invention. 

IS FiG. 8Y is another schematic cros&-section of an emtndlment of the vacuum cleaner bag construction according 

to this Invention. 

FIG. 8Z is another schematic cross-«ection of an embodiment of the vacuum cleaner bag constmction aocord^g 
to this invention. 

20 

FIG . 6AA is anotiier schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this Invention. 

FIG. 9 is a plot of pressure drop (mbar) across vacuum cleaner bags versus Fine Dust Loading (PTI/fine) per DIN 
2S 44956-2 as performed on Prior Art Examples 1 -3, and on Examples 4 and 7. 

FiG. 10 Is a plot of pressure drop (mbar) across vacuum cleaner bags versus Fine Dust Loading per DiN 44956-2 
as performed on Example 4, Alrflo and Example 2, 3M. 

30 RG. 11 is a graph showing a comparison of arflow versus Fine Dust Loading (PTI/fine}. 

DETAILED PESCIRBPTflOiyi 

[001 Bl The filter structures of this Invention apply to vacuum cleaner bags, and more generally to vacuum filters. By 
3S 'Vacuum filter" Is meant a filter structure intended to operate by passing a gas, preferably air, which entrains usually 
dry solid partlcieSp through the structure. The convention has been adopted In this application to refer to the sides and 
layers of the structure In relation to the direction of air flow. That is, the filter inlet side Is "upstream" and the filter 
discharge side is "downstream" for example. Occasional^ herein the terms "In front or and "behind" have been used 
to denote relative positions of stnjcture layers as being upstream and downstream respectively. Of course, there wili 
40 be a pressure gradient, sometimes referred to as "pressure drop", across the filter during filtration. Vacuum cleaners 
tyf»cally use bag shaped filters. Normailyp the upstream side of a vacuum bag filter is the Inside and the downstream 
side is outside. 

[0019] DIN 44956-2 : The DIN 44956-2 was employed to determine the Increase in pressure drop of five dif^rent 
examples of vacuum cleaner bag constructions after dust loading with fine dust at the following levels: 0, 0.5, 1.0, 1.5, 
45 2.0, and 2.5 grams. 

[0020] Air Permeability after Rne Dust ijoading Test The dust loading part of the DIN 44956-2 was performed at 0.5 
gram increments from 0 to 2.5 g/m^/s on seven bags of each sample. However, the pressure drop values were not 
recorded again. The maximum sustainable air permeability values were then determined on the t>ags, which had the 
specified levels of dust loading. 
50 [0021] Types of papers which are referred to In this patent application are described in greater detail as follows: 

Standanl Vacuum Cleaner Filter Bag Paper 

[0022] This typeof paper has traditionally been used as a single ply in which It providesdustfiltration and containment, 
ss as well as tfie strength and abrasion resistance required of a vacuum cleaner bag. This paper is also rigid enough to 
enable easy fabrication on standard bag manufacturing equipment. The paper is predominantly composed of 
unbleached wood pulp with 6-7% of a synthetic fiber such as poiy[ethylene terephthaiate] (PET) type polyester, and 
Is produced by the wet laying process. The standard paper typically has a basis weight of about 30-80 g/m^ and 



5 



EP0960 645 B1 



commonly about 50 g/m^. The PET fibers typically have a fineness of 1 .7 dtex and lengths of 6-10 mm. This paper has 
air permeability in the range of about 200-500 l/(m2 x s) and an average pore size of about 30 ym. However, the 
efficiency as determined from the DIN 44956-2 Test is only about 86%. Another disadvantage is that the pores are 
quickly clogged with dust and the dust holding capacity is Hirther limited by Itie very thin paper thickness of only atx)ut 
5 0^0 mm. 

Spunbond Nonwoven 

[0023] A nonwDven of spunbond polymer fibers can be deployed as a secondary filtration layer positioned down- 
to stream of the coarse layer. The fibers can l>e of any spunbond-capabie polymer such as polyamides, polyesters or 
polyolefins. Basis weight of the spunbond nonwoven should be about 10-1 00 g/m^ and preferably about 30-40 g/m2. 
The spunbond nonwoven should have an air permeability of about 500-10,000 I/(m2 x s). and preferably about 
2,000-6,000 i/(m2 x s) as measured by DIN 53687. The spunbond can also be electrostalicaliy charged. 

IS Scrim or Supporting Fleece 

[OOZq Scrim refers to a generally light basis weight, very open porous paper or nonwoven web. Basis weight of the 
scrim is typically about 1 0-30 g/m2, and frequently about 13-1 7 g/m2. The scrim, sometimes referred to as a supporting 
fleece usually has air permeability of about 500-10,000 \/(rr^ x s). It is primarily employed to protect the high dust 
20 holding capacity layer from abrasion. The scrim can also filter the very largest particles. The scrim, as well as any layer 
of the bag, can be electrostatically charged provided the material has suitable dielectric properties. 

VWBt-iaid High Dust Capadly Paper 

55 [00251 Wet-iald High Dust Capacity Paper, frequently referred to herein as "wet-laid capacity paper" is builder, thicker 
and more permeable than the standard vacuum cleaner bag filter paper. In Its role as a pre-filter in the vacuum cleaner 
bag composite It perfomns muftipie functions. TTiese Include resisting shocic loading, filtering of large dirt particles, 
filtering a signrficant portion of small dust particles, holding large amounts of particles while allowing air to flow through 
easily, thereby providing a low pressure drop at high particle loading which extends the life of the vacuum cleaner bag. 

^ [0026] The wet-laid capacity paper usually comprises a fiber mixture of wood pulp fibers and synthetic fibers. It 
typically contains up to about 70% wood pulp and con-espondlngly more synthetic fiber, such as PET, than the standard 
paper described above. It has a greater thickness than the standard paper of alx)ut 0.32 mm at a typical basis weight 
of 50 g/m2 Pore size also Is much greater, in that the average pore size can be greater than 160 )im. Thus, the paper 
is able to hold much more dust in Its pores before clogging up. Basis weight of the wet-laid capacity paper typically is 

35 about 30-1 50 g/m^ and preferably about 50-80 g/m^. 

[G0Z7] The wet4a[d capacity paper has a fine dust particle filtration efTiciency of about 66-57 % as determined by 
the DIN 44956-2. Importantly, the wet-laid capacity paper has air permeability higher than the standard filter paper. 
The permeability lomr limit thus preferably should be at least about 500 \f{m^ x s), more preferably at least about 1 ,000 
l/(m2 X s) and most preferably at least about 2,000 I/{m2 x s). The upper limit of permeability is defined to assure that 

40 the paperfilters and holds a major fraction of the dust particles larger than atx)ut lOpjn. Consequently, the downstream 
secondary high efTiciency filter medium Is able to filter out and contain fine pardcies much longer before showing 
indication of a substantial pressure drop increase across the filter. Accordingly, the air permeability of the wet-laid 
capacity paper preferably should be at most about 8,000 l/(m? x s), more preferably at most aboui 5,000 \f{m^ x s), 
and most preferably at most atxjut 4,000 [/(m^ x s). it is thus seen that the wet-lald capacity paper is especially well 

45 designed as a high dust holding capacity filtration layer to be positioned upstream of the secondary high efficiency 
filtration layer. 

Dry-laid High Dust Capacity Paper 

^ [0026] Prior to this invention, dry-laid high dust capacity paper, sometimes referred to herein as *'dry-iald capacity 
paper", had not been used as a filter in vacuum cleaner bags. Dry-laid paper is not formed from a water slurry, but is 
produced with air-laying technology and preferably by a fluff pulp process. Hydrogen-bonding which plays a large roil 
In attracting the molecular chains together does not operate in the absence of water. Thus, at the same basis weight, 
dry-laid capacity paper. Is usually much thiclcer than standard paper and the wet-laid capacity paper. For a typical 

ss weight of 70 gfrri^, the thickness is 0.90mm, for example. 

[0029] The dry-iaid capacity paper webs can be bonded primarily by two methods. The first method is latex bonding 
in which the latex binder may be applied from water-based dispersions- Saturation techniques such as spraying or 
dipping and squeezing (padder roll application) followed in both cases by a drying and heat curing process can k^e 
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used. The latex binder may also be applied bi discrete patterns such as dots diamonds, cross hatches or wavy lines 
by gravure roll foliowed by drying and curing. 

[OOSO] Thesecond methodisthennaIbonding,forexamplebyutilizingbinderfibers. BInderfibers sometimes referred 
to herein "thermally bondable fusing fibers" are defined by the Nmwmen Fabric Handbook, (1 992 edition) as "Rbers 

9 With lower softening points than other fibers In the web. Upon the application of heat and pressure, th^e act as an 
adhesive." These thermally bondable fusing fibers generally completely melt at locations where sufficient heat and 
pressure are applied for the web, thereby adhering the matrix frbers together at their cross-over points. Examples 
include co-polyester polymers which when heated adhere a wide range of fibrous materials. 

[0031] In a preferred embodiment thermal beading can be accomplished by adding from at least 20% preferably up 

10 to 50% of a bioomponent C'B/C") polymer fiber to the dry-laid web. Examples of B/C fibers include fibers with a core 
of polypropylene ("PP") and a sheath of more heat sensitive polyethylene ("PE"). The term "heat sensitive" means that 
thermoplastic fibers soften and become sticlcy or heat fusible at a temperature of 3-5 °C below the melting point. The 
shealh polymer preferably should have a melting point In tfie range of about 90-160 and the core polymer should 
have a higher melting point, preferably by at least about 5 ''C higher than that of the shealh polymer. For example, PE 
melts at 121 and PP meite at 161-163 "^C. This aids in bonding the dry-laid web when it passes between the nip of 
a thermal calendar or into a through-air oven by achieving thermally bonded fibers with less heat and pressure to 
produce a less compacted, more open and breathat>le stnjcture. In a more preferred emtsodiment the core of the core/ 
sheath of the B/C fiber is located eccentric of the sheath. The more that the core Is located towards one side of the 
fiber the more likely that the B/C fitter will crimp during the thermal bonding step, and thereby Increase the bulk of the 

20 dry-laid capacity paper. This will, of course, improve its dust holding capacity. Thus, in a still further preferred embod- 
iment the core and sheath are located side-by-side In the B/C fiber, and bonding Is achieved with a through-air oven. 
A thermal calendar, which would compress the web more than through^ir trending , Is less preferred In this case. Other 
polymer combinations that may be used in core^heath or side-by-^ide B/C fibers include PP with co-polyester low 
melting polymers, and polyester with nylon 6. The dry-laid high capacity layer can also be constituted essentially com- 

25 pletety by bicomponent fibers. 

[0032] Generally, the average pore size of dry-laid capacity is intermediate tietween the pore size of the standard 
paper and wet-laid capacity paper. The filtration efficiency is determined by the DIN 44956-2 Test is approximately 
80%. Dry-laid capacity paper should have about the same basis weight and the same permeability as the wet-laid 
capacity paper described above, i.e.. in the range of about 50O-8000 l/(m2 x s), preferably about 1000-5000 [/(m^ x s) 

30 and most preferably about 2000-4000 l/(m2 x s). it has excellent dust holding capacity and has the advantage of being 
much more uniform in weight and thickness than the wet-laid papers. 

[0033] Several preferred embodiments of diy-laid capacity paper are contemplated. One Is a latex bonded fluff puip 
fitter corr^sitkjn. That is. the fibers comprising the paper consist essentially of fluff puip. The term "fluff puip" means 
a nonwoven component of the vacuum cleaner bag of this invention which is prepared by mechanically grinding rolls 

36 of pulp, i.e., fibrous material of wood, then aerodynamicaily transporting the puip to web forming components of air 
laying or dry fbnning machines. A Wiley Mill can be used to grind the pulp. So-called Dan Web or M and J machines 
are useful fbr dry forming. A ilufT puip component and the dry-laid layers of fluff pulp are isotropic and are thus char- 
acterized by random fiber orientation In the direction of all three orthogonal dimensions. That Is, they have a large 
portion of fibers oriented away from the plane of the nonwoven web, and particularly perpendicular to the plane, as 

40 compared to three-dimensionally anisotropic nonwoven webs. Fitters of fluff pulp utilized In this invention preferably 
are from about 0.5-5 mm long. TTie fibers are held together by a latex binder. The binder can be applied either as 
powder or emulsion. Binder is usually present in the dry-laid capad^ paper in the range of about 10-30 wt% and 
pr^erably about 20^0 wt% binder solids based on weight of fibers. 

[0034] in another preferred embodiment the dry-laid capacity paper comprises a thermally bonded blend of fluff pulp 
4$ fibers and at least one of split film fibers and bicomponent polymer fibers. More preferably, the blend of fluff pulp fitters 
comprises Huff pulp fit>er8 and bicomponent polymer fibers. 

[0035] Split film fibers are essentially flat, rectangular fibers which may be electrostatically charged before or after 
being incorporated into the composite structure of the invention. The thickness of the spirt film fibers may range from 
2-100 pm, the width may range from 5 pm to 2 mm, and the length may range from 0.5 to 1 5 mm. However, the preferred 
so dimensions of the spilt film fibers are a thiclcness of about 5 to 20 ^m, a width of atxsut 15 to 60 )Am, and a length of 
atx)ut 0.5 to 3 mm. 

[0036] The split film fibers of the invention are preferably made of a polyolefin, such as polypropylene (PP). However, 
any polymer which Is suitable for malcing fibers may be used for the spilt film fibers of the composite structures of the 
invention. Examples of suitable polymers Include, but are not limited to, polydefins like homopolymers and copolymers 
ss of polyethylene, polyterephthalates, such as poly(ethylene terephthalate) (PET), poly(butylene terephthalate) (PBT), 
poiy(cyciohexyl-dimethylene terephthalate) (PCl^, polycarbonate, and polychlorotrifluoroethylene (PCTFE). Other 
suitable polymers include nylons, poiyamides, polystyrenes, poiy-^4-methylpentene-1 , polymethylmethacrylates, p>oly- 
urethanes, silicones, polyphenylene sulfides. The split film fibers may also comprise a mixture of homopolymers or 
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copolymers. In the present application, the invention Is ^cemplHied wtth split film fibers made of polypropylene. 
[0037] The use of PP polymers with various molecular weights and morphologies in laminate film structures has 
been shown to produce films with a proper balance of mechanical properties and brittieness required to produce spirt 
film fibers. These PP split film fibers way also be subsequently given the desired level of crimp. All dimensions of the 

s split film fillers may, of course, be varied during manufacture of the fibers. 

[0039] One method for production of the split film fibers Is disclosed in US 4, 1 78,1 57. Polypropylene is melted and 
extruded into a film which Is then blown into a large tube (balloon) into which ambient air is introduced or aliowed to 
enter, in accordance with conventional blow stretching technology. Inflating the balloon with air sen^s to quench the 
film and to bi-axlaliy orient the molecular structure of the PP molecular chains, resulting In greater strength. The balloon 

TO is then collapsed and the film is stretched between two or more pairs of rollers in which the film Is held in the nip of 
two contacting rollers, with the application of varying amounts of pressure between the two contacting rollers. This 
rssuits in an additional stretch in the machine direction which Is accomplished by driving the second set of rollers at a 
faster surfiace speed than the first set. TTie result is an even greater molecular orientation to the film In the machine 
direction which will subsequently become the long dimension of the spilt film fibers. 

IS [0039] The film may be electrostatically charged before or after it has been cooled down. Although various electro- 
static charging techniques may be employed to charge the film, two methods have been found to be most preferable. 
TTie first method invoh^es passing the film about midway in a gap of about 3.81 to 7.62 cm (1.5 to 3 inches) between 
two DC corona electrodes. Corona bars with emitter pins of metallic wire may be used in which one corona electrode 
has a positive DC voltage potential of about 20 to 30 kV and the opposing electrode has a negative DC voltage of 

20 about 20 to 30 kV. 

[0040] The second, preferred, method utilizes the electrostatic charging technologies described in US 5,401,446 
(Wadsworih and Tsai, 1995), which is referred to as Tantret.TM.Technique i and Technique 11, which are further de- 
scribed herein, it has beenlbund that Technique II, In which thefilm Is suspended on insulated rollers as the film passes 
around the inside circumference of two negatively charged metal shells with a positive corona wire of each shell , imparts 

25 the highest voltage potentials to the films. Generally, with Technique II, positive 1000 to 3000 volts or more may be 
imparted to on one side of the films with similar magnitudes of negative volts on the other side of the charged fiim. 
[0041] Technique I, wherein films contact a metal roller with a DC voltage of -1 to -10 kV and a wire having a DC 
voltage of +20 to 440 kV is placed firom about 1 to 2 inches above the negatively biased roller with each side of the 
film being exposed in succession to this rolierywire charging configuration, results in lower voltage potentials as meas- 

30 ured on the surfaces of the films. With Technique I, voltages of 300 to 1500 volts on the fiim surface with generally 
equal but opposite polarities on each side are typically obtained. The higher surface potentials obtained by Technique 
II, however, have not been found to result in better measurable filtration efficiencies of the webs made firom the split 
film fibers. Therefore, and because it is easier to lace up and pass thefilm through the Technique I device, this metliod 
Is now predominately used to charge the films prior to the splitting process. 

39 [0042] The cooled and stretched film may be hot or cold electrostatlcaliy charged. The film is then simultaneously 
stretched and split to narrow widths, typically up to about 50 p,m. The spilt, fiat filaments are then gathered Into a tow 
which is crimped in a controlled numt>ers of crimps per centimeter and then cut into the desired staple length. 
[004^ in a particulariy preferred en4>odlment, the diy-4aid iilgh dust capacity paper comprises a blend of all of fluff 
pulp fibers, bioomponent polymer fibers, and electrostatically charged split film fibers. Preferably, the fluff pulp fibers 

^ will be present at about 6-85 wt%, more preferably about 10-70 wt%, and most preferably about 40 wt%, the bioom- 
ponent fibers at atx)ut 10-60 wt%, more preferably about 10-30 wt% and nwst preferably atx>ut 20 wt%, and the elec- 
trostatically charged split fiim fibers at about 20-80 wt%, and more preferably alx)ut 40 wt%. This dry-laid high dust 
capacity may be thermally bonded, preferably at a high temperature of 90-160 **C, more preferably, at a temperature 
lower than 110 °C and most preferably at about 90 ""C. 

45 [0044] Other preferred emt»odlments of the dry-laid capacity paper comprises a thennally bonded paper with 100% 
"mixed electrostatic fibers", a blend of 2aw% mixed electrostatic fibers and 20-80% BA!^ fibers, and a blend of 20-80% 
mixed electrostatic fibers, 10-70% fiuff pulp and 10-70% B/C fibers. "Mixed electrostatic fiber^ filters are made by 
blending fibers with widely different tribolelectric properties and r\ibbing them against each other or against the metal 
parts of machines, such as wires on carding cylinders during carding. This malces one of the types of fibers more 

so positively or negatively charged with respect to the other type of fiber, and enhances the coulombic attraction for dust 
particles. The production of filters wfth these types of mixed eledrostatic fibers is taught in US 5,470,485 and European 
Patent Publication EP 0 246 811 A. 

[0045] in US 5,470/4^85, the filter material consists of a blend of (1) polyoiefin fibers and (11) polyacryionitrile fibers. 
The fibers (1) are bicomponent PP/PE fibers of the oore/sheath or side-by-slde type. The fibers II are **halogen free". 
ss The (1) fibers also have some "halogen-substituted polyolefins"; whereas, the acryionltrile fit>ers have no halogen. TTie 
patent notes that the fibers must be thoroughly washed with nonlonic detergent, with aikaii, or solvent and then well 
rinsed before being mixed together so that they do not have any lubricants or antistatic agents. Although the patent 
teaches tiiat the fit>er mat produced should be needle punched, these fibers could also be cut to lengths of 5-20 mm 
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and mixed with similar lengtli bicnmponent thermal binder fibers and also with the possible addition of fluff pulp so that 
dry-laid thermally bonded paper can be utilized In this invention. 

[0046] EP 0 246 811 describes the tribcelectric effect of rubbing two different types of fibers together. It teaches 
using similar types of fibers as US 5/470,485, except that the -CN groups of the polyacryfonrtrile fibers may be substl- 

s tuted by halogen (preferably fluorine or chlorine). After a sufRcient amount of substitution of - CN by - Ci groups, the 
fiber may be referred to as a "modacrylic" if the copolymer comprises from 3S to 85% weight percent acrylonitrile units. 
EP 0 246 811 teaches that the ratio of polyoleiin to substituted acrylonitrile (preferably modacryiic) may range from 30: 
70 to 60:20 by surtece area, and more preferably from 40:60 to 70:30. Simliarty, US 5,470,485 teaches that the ratio 
of polyolefin to pcdyacrylonltriie fibers is in the range of 30:70 to 8020, relative to a surface of the filter material. TTius, 

10 these ranges of ratios of polyolefin to acrylic or modacryiic fibers may be used in the above stated proportions in the 
dry-laid thermally bonded capacity paper. 

High Bulk i^eltblDwn Nonwoven 

fs [0047] Another discovery from this research to develop improved vacuum cleaner t>ags was the development of a 
high bulic MB web which could be used upstream of the filtration grade MB fleece as a pre-fiiter in place of the wet-laid 
capacity paper or dry-laid capacity paper. The liigh bulk MB pre-filter can be made in a meltblowing process using 
chilled quench air with a temperature of about 10 °C. In contrast, conventional MB normally uses room air at an ambient 
temperature of 36^5 ^C. Also the collecting distance from the MB die exit to the web take-up conveyer is increased 

20 to 400-600 mm in the high bulk MB process. The distance normally is about 200 mm for regular MB production. Addi- 
tionally, high bulk MB nonwoven Is made by using a lower temperature attenuation air temperature of about 215-235 
°C instead of the normal attenuation air temperature of 280-290 "C, and a lower MB melt temperature of about 200-225 
®C compared to 260-280 for filtration grade MB production. The colder quench air, lower attenuation air temperature, 
lower melt temperature and the longer collecting distance cool down the MB filaments more. Removing heat results 

25 in best draw down of the filaments, and hence, in larger fiber diameters than would be found in typical filtration grade 
MB webs. The cooler filaments are much less likely to thermaliy fiise together when deposited onto the collector. Thus, 
the Higli Bulk Meltblown nonwoven would have more open area. Even with a tiasis weight of 120 g/m^, the air penne- 
abllity of the High Bulk Meitblown nonwoven is 806 l/Cm^x s). By contrast, a much lighter (e.g 22 g/m^) filtration grade 
MB PP web had a maximum air penneabiiity of only 450 i/Cm^x s). The filtration efficiency of the i-iigh Bulk MB nonwoven 

30 as determined by the DiN 44956-2 Test was 98%. When the two were put together with the High Bulk MB nonwoven 
on the inside off the bag, the air pemrieabillty was still 295 l/(nr>2x s), and the filtration efficiency of the pair was 99.8%. 
Tlie high bulk meltbiown nonwoven can be uncharged, or optionally electrostatically charged provided that the non- 
woven IS of material having suitable di&-eiectric properties. 

[004^] High Bulk MB nonwoven of this invention should t>e distinguished from Tiftratlon grade MB" which also Is 
36 employed in the multilayer vacuum filter structure of this disclosure. Filtration grade MB web is a conventional meltbiown 
nonwoven generally characterized by a low basis weight typically of about 22 g/m^, and a small pore size. Additional 
typical characteristics of filtration grade MB nonwoven of polypropylene are shown in Table I. A preferred high bulk MB 
nonwoven of polypropylene optimally includes about 5-20 wt% ethylene vinyl acetate. Fiftration grade MB nonwoven 
has generally high dust removal efficiency. i.e., greater than about 99%. 

40 

TABLE I 





Preferred 


More preferred 


Most preferred 


Filtration Grade MB PP 


Welghtp gfrrfi 


5-150 


10-50 


22 


Thidcness, mm 


0.10-2 


0.10 - 1 


0.26 


Air Permeability, l/(m2 x s) 


100-1500 


200 - 800 


450 


Tensile Strength MD, N 


0.5-15 


1.0-10 


3.7 


Tensile Strength CD, N 


0.5-15 


1.0-10 


3.2 


Fiber Diameter, ^un 


1-15 


1-5 


2-3 


High Bulk MB PP 


Weight, g/m^ 


30-180 


60-120 


80 


Thidcness, mm 


0.3-3 


0.5-2 


1.4 


Air Pernneabiilty, U(afi x s) 


300 - 6000 


600-3000 


2000 
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TABLE I (connnued) 





Preferred 


More preferred 


Mo5t preferred 


High Bulk MB PP 


Tensile Strength MD, N 


1.0-30 


2-20 


10 


Tensile Strength CD, N 


1.0-30 


2-20 


S.2 


Fiber Diameter, pm 


5-20 


10-15 


10- 12 



[0049] High Bulk MB nonwoven Is similar in filter efficiency to dry-laid and wet-laid capacity papers mentioned above. 
TTius High Bulk MB nonwoven is well-adapted to remove large quantities of large dust particles and to hold large 
amounts of dust. Accordingly, High Bulk MB nonwoven Is suited for placement upstream of, and as a pre-fBterfor, the 
filtration grade MB web in a vacuum filter structure of this Invention. 

Spunblown (Modular) Nonwcyven 

[QQSn A new type of meltblowing technology described In Ward, G., Nonwovens World. Summer 1998, pp. 37-40, 
is avait^le to produce a Spunblown (Modular) Nonwoven suitable for use as the coarse filter layer in the present 
Invention. Specifications of the Spunblown (Modular) Nonwoven are presented In Table 11. 

[0051] The process for making the Spunblown (Modular) Nonwoven Is generally a mellblown procedure with a more 
rugged modular die and using colder attenuation air. These conditions produce a coarse meltblown web with higher 
strength and air permeability at comparable basis weight of conventional meltblown webs. 

MIcrodanlarSpunlsond Monwoven 

[0052] A spunbond C'SB") nonwoven, occasionally referred to herein as microdenier spunbond has specifications 
which are listed in Table 11. Microdenier spunbond is particularly charaderized by fliaments of less than 12 ^m diameter 
which corresponds to 1 .0 denier for polypropylene. In comparison, conventional SB webs for disposables typically 
have filament diameters which average 20pjn. Microdenier spuntx>nd can be obtained from Relfenhauser GmbH (Re- 
icofii ill}, Koby Steel, Ltd., (Kobe-KbdoshI Spunbond Technology) and Ason Engineering, Inc. (Anon Spunt>ond Tech- 
nology). 



TABLE II 





Preferred 


More preferred 


Most preferred 


Spunblown (Modular) 


Weight, g/m^ 


20- 150 


20-80 


40 


Thickness, mm 


0.20-2 


0.20-1.5 


0.79 


Air Permeability, U{m^ x s) 


200-4000 


300 - 3000 


2000 


Tensile Strength MD, N 


10-60 


is -40 




Tensile Strength CD, N 


10-60 


12-30 




Fiber Diameter, \m 


0.6-20 


2-10 


2-4 


Microdenier spuntxjnd PP 


(Ason, Kobe-Kodoshl. Reicofili 111) 








Wei^, g/m2 


20-150 


20-80 


40 


Thickness, mm 


0.10-0.6 


0.15-0.5 


0.25 


Air Permeability, l/(m2 x s) 


500-10,000 


2000 - 6000 


3000 


Tensile Strength MD, N 


10-100 


20-80 


50 


Tensile Strength CD, N 


10-80 


10-60 


40 


F\beT Diameter, \m 


4-18 


6-12 


10 



[0053] Referring now to the drawings and figures, FIG. 1 through FIG. 3 represent existing commercial vacuum 
cleaner bag constructions. FIG- 1 depicts a traditional structure consisting of wet-laid tissue fleece 24 on the inside 
(upstream side) of the bag and filter paper 25 on the outside (downstream side) of the bag. The tissue fleece serves 
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as a pre-^ller, rsmoving only the largest dust particles. The fitter paper typically filters out and holds in Its porous 
structure particles greater than 10-20 ^im. 

[0054] FIG. 2 depicts a two-layer vacuum cleaner t>ag construction in which a meltbiown (MB) fleece 26 serves as 
both a pre-filter, coarse fllter, and fine filter by removing particles below 5 In diameter. However MB fleeces have 

s much smaller pores than typical vacuum cleaner filter paper and can not hold dust as effectiveiy. Furthemrtore, the MB 
fleece is often electrostatically charged to enhance filtration efficiency. When the MB fibers become covered with dust, 
the electrostatic ffeld may be largely diminished. The prior art utilizing this design Is European Patent Publication EP 
0 375 234 B1 (EP 0375 234 Al). The spunbond (SB) layer 27 primarily provides support for the MB fleecep and Improves 
the abrasion resistance of the outside of the tsag. Oth^ similar prior art includes US 4^89,894 and European Patent 

10 Publication EP 0 161 790 A. In US 4,589,894, and European Patent Publication EP 0 161 790, a SB layer Is also used 
on the inside of the bag and serves to further support and protect the MB fleece. 

[0055] RG. 3 depicts a three-layer vacuum cleaner bag construction in which the wet-laid supporting fleece 28 is 
added to serve as a pre-filter for only very large particles of dust and to protect the MB fleece from abrasion. The MB 
fleece 29 serves to filter small and large particles and thus has a tendency to clog up very quickly, and thereby Increases 

15 in pressure drop more quickly than traditional filter paper. The outside layer of filter paper 30 is in effect redundant for 
filtration and serves primarily to support the top surfiace of MB fleece, to strengthen the bag and to improve abrasion 
re^stance of the outside surface of the l>ag. Examples of prior art depicting similar designs Include European Patent 
Publication EP 0 338 479 (Gessner) and US 5,080,702 (Home. Care Industries), discussed above. In the latter no 
tissue fleece Interlining was used. 

20 [0056] FIG. 4 depicts the new three-layer vacuum filter structure in which a high bulk MB nonwoven coarse filter 10 
is placed upstream of a filtration gnade MB fleece 11 . This upstream layer serves to remove larger dust particles and 
to hold the dust In Its structure. This layer ^ould preferably have a much less dense, bulkier structure that is capable 
of holding a large quantity of dust without Increasing the pressure drop. A high bulk MB nonwoven Is shown in the 
figure as web 10. It is preferable that the inner MB web be loftier and more open than web 11 so that It can also contain 

25 more dust without pressure drop increase. 

[0057] FIG. 5 depicts the new vacuum cleaner bag constoictlon with a 3-layer construction, In which a wet-laid ca- 
pacity paper 31 is placed In front of the filtration grade MB fleece 32 and a spunbond (SB) nonwoven 33 is placed on 
the outside of the bag structure. TTie inner layer 31 may be a wet-laid, dry-laid, or Spunblown (Modular) that has the 
proper porosity and dust holding capacity. It is preferable that It has higher porosity and dust holding capacity than the 

30 standard filter paper that is used In the prior art vacuum cleaner bags. The outer coarse fitter layer may be a spunbond, 
wet-laid, dry-laid, or hydroentangled nonwoven, netting or other type of scrim or nonwoven . 

[0058] FIG. 6 shows a vacuum cleaner bag with the same construction as shown In FIG. 5, except a dry-laid capacity 
paper 34 Is placed in front of ttie MB fleece 35, and the spunbond layer 36 is again placed on the outside of the t>8g. 
The wet- or dry-laid filter papers were placed on the inside of the bag structure to help support the MB fleece and to 
36 filter and hold the medium and larger size dust particles so that the MB fleece could eflectlvely filter the smaller particles 
without clogging up. 

[0059!1 FIG. 7 depicts the new vacuum cleaner bag conatrndlon In which a fleece/cartson combination 214+215 of 
respectively 50 g/rn^, and 150 g/m^ fLmctlonfng as an odor adsorption layer is substituted for the SB 33 of FIG. 5. 
Important in this construction is that the fleece 214 downstream of the activated carbon fibers prevents those adtvated 
40 cartx>n fitters lirom getting into the bag compartment of the vacuum cleaner and therefore this fleece should preferably 
be electrostatically charged. 

[0060] FIGS. 6A-8AA depict numerous oontemplated embodiments of the novel vacuum cleaner bag construction. 
In FIG. 8A, a SB layer 37 forms the outeide layer of the bag and serves to reinforce the t>ag and to protect the inner 
filtratior grade MB fleece 38. 

4$ [0061] The electrostatically charged MB fleece layer efficiently removes particles less than 0.1 pjn In diameter. The 
vacuum cleaner bag filter paper 39 supports the MB fleece and Alters and holds medium and large sized dust particles 
within Its structure. This paper also provides the necessary rigidity for the construction to t>e readily fabricated into 
vacuum cleaner bags on standard vacuum cleaner bag making equipment. The layers in FIG. 8A are not bonded 
togettier. 

so [0062] The structure of FIG. 8B Is the same as In FIG. 8A except a supporting wet-lakJ tissue fleece 43 is placed 
upstream of the paper 42. The supporting tissue fleece only filters out very large dust particles. 
[0063] The structure of FIG. 8C is the same as 8A except that a netting scrim 47 Is thermally or adhesively (with e. 
g., glue) sealed upstream of and to the coarse filter paper 46. That is, the scrim and coarse filter paper are bonded, 
preferably permanently lx>nded. At least any two ac^acent layers of the bag can t>e bonded. By "permanently bonded** 

ss is meant that the bond Is Intended to be effective during the full nomnal life of the bag. Bonding can be accomplished 
by any suitable method such as chemical adhesive, thermal trending and ultrasonic bonding. 

[0064] in FIG. 8D. the SB outer layer 48, filtration grade MB fieece layer 49 and SB supporting layer 50 are bonded 
together. The filter paper layer 51 is placed upstream of the SB/MB/SB laminate, and also Increases the rigidity of the 
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construction so that ft can be readily fabricated into a vacuum cleaner bag on standard bag fonning equipment 
[0065] In FIG. 8E, SB layer 53. MB layer 55, and filter paper layer 57 are bonded together by a porous hot melt 
adhesive 54 and 56. FIG. 8F is the same as FIG. 8E, except that a supporting weWald tissue fleece 64 is bonded to 
the construction by a hot melt adhesive 63. FIG. 8G Is the same as FIG. 8D, except the filter paper 69 Is bonded by a 

5 hot melt adhesive 68 to the bonded SB 65, MB 66 and SB 67 laminate. FIG. 8H is the same as FIG. 8G, except that 
the \fi^-laid tissue Heece 76 has been bonded to the construction by hot melt adhesive 75. FIG. 81 is the same as FIG. 
8E, except that netting 82 is sealed to the construction without the use of a hot melt adhesive. 
[0066] Structures shown in FIGS. 8J through 8AA all contain a fleece/carbon composite layer, functioning as an odor 
absorption layer. The composite comprises an activated carbon fiber layer upstream of a baclcing layer of fleece, in 

to FIG. 8J a fleece/carbon combination 83 + 84 forms the outside, most dowrTstream layer of the bag, filtration grade MB 
fleece 85 efficiently filters particles less than 0.1 ^un in diameter and coarse filter paper 86 filters and holds medium 
too targe sized dust particles within its structure. 

[0067] FIG. 8K Is the same as FIG. 8J except a supporting wet-laid fleece 91 is placed upstream of the coarse filter 
paper 90. The supporting fleece only f\\ters out very large dust particles. RG. 8L is the same as FIG. 8K, except that 

fs a netting scrim 96 is sealed to the coarse fiiter paper 95. in FIG. 8M the SB layer 99, MB layer 1 00 and SB layer 1 01 
are bonded together which increases the rigidity of the bag construction, in RG. 8N fieece/carbon 1 03+1 04 are bonded 
to fiitration grade MB fleece 106 by a porous hotmeit adhesive 1 05. Coarse filter paper 1 08 is bonded in the same way 
to MB 106 by hotmeit adhesive 107. FIG. 80 shows a similar construction in which the supporting fleece 116 is bonded 
to filter paper 114 l>y a porxsus hotmeit at 115. FIG- 8P is another oonstmctlon with hotmeit adhesion at 119 and 123. 

20 The SB 120 and 122 layers are bonded on opposite sides of fiitration grade MB fleece 121 to increase the rigidity of 
the construction. 

[006B] RG. 8Q Is the same as FIG. 8P, but with a porous hotmeit at 133 and a supporting fleece 134 added upstream 
of the coarse filter paper 132. 

[OOSq The structure of FIG. 8R includes a netting scrim 143 sealed to the upstream side of coarse fiiter paper 142. 
2« In FIG. 8S the carbon/fleece 146 + 147 has been moved downstream of the coarse filter paper 148. and upstream of 
filtration grade MB fleece 145. The MB 145 and SB 144 layers are moved to the outCT side, as seen in many of the 
illustrated emtxjdiments. FIG. 8T is the same as FIG. 6S, with a supporting fleece 154 placed upstream of the coarse 
fliter paper 153. In FIG. 8U the supporting fleece of RG. 8T has Ijeen replaced by a netting scrim 160 sealed to the 
coarse fiiter paper 159. 

30 [007<q The structure of Fl G. 8 V has an outer layer of SB 1 61 : flitraf ion grade MB fleece 1 62 and SB 1 63 are sealed 
together, and the cartx)n/fleece 164 + 165 is provided between those sealed layers and the coarse fiiter paper 166. 
Layers 161, 162 and 163 preferably are thermally point-bonded with a total bonded area of 5-50%, more preferably 
10-20%. Alternatively, these layers can be bonded utilizing an adhesive. Layers 164 and 165 preferably are adhesively 
bonded together. The three layer 161/162/163 composite and two layer 164/165 composite preferably are not bonded 

36 to each other. 

[0071] In FIG. 8W, SB 1 69 and filtration grade MB fleece 171 are bonded together by a porous hotmeit 170, and the 
cartxsn/fleeoe Is bonded to the coarse fliter paper and MB by hotmeit adhesive layers 172 and 1 75. FIG. 8X is the same 
sbudures FIG. 8W, except an extra supporting fleece 1 86 is bonded to the coarse fiiter paper 1 84 with a porous hotmeit 
adhesive 185. FIG. 8Y shows an outer composite layer of SB 187. MB 188 and SB 189 sealed together. Cartxm/fleeoe 
^0 191/192 Is bonded to this sealed outer layer and coarse filter paper by porous hotmeit adheslves 190 and 193. FIG. 
8Z shows Itie same structure as FIG. 8Y but with a supporting fleece 204 tended to Ifie coarse fliter paper 202 by a 
porous hotmeit adhesive 203. 

[0072] Finally, FIG. SAA liiustrates SB 205 and flltration grade MB fleece 207 bonded together with a porous hotmeit 
adhesive 206. The cartxjn/fleece 209 + 210 bonded in the same way to MB 207. Coarse filter paper 212 is adhered 

45 t>y hotmeit 211, and a netting scrim 213 is sealed to coarse filter paper 212. 

[0073] The activated cartxjn fit>er8 layer can have the following configurations: Cartx)n granules between layers of 
nonwoven (fleece}, paper with activated carbon fibers, paper with activated carbon coal, activated carbon fabrics (non- 
woven), activated carbon fabrics (woven cloth), activated meltblown made of pitch and activated cartx^n fibers blown 
Into a MB layer. The activated cartxjn layer preferably has a surface area of about 500-3000 gfni^ (BET N2 method) a 

so weight In the range of about 25-500 g/m^ and an air perme^lilty of about 500^3000 i/(nrAc s), DIN 53887. 

EXAMPLES 

Methodology and Test Methods 

55 

[0074] In the following examples, unless otherwise indicated, t>asis weight was determined by I.S.0. 536, thickness 
by DIN 53 105 (0-2 bar), air permeability by DIN 53887, tensile strength machine direction (MD) and cross machine 
direction (CD) by DIN 53112, Mullen's burst pressure (MBP) by DIN 53 141, and fiitration properties by T.S.I. 8160 filter 
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tester. In the figures, airflow direction is shown by anows. 

[0075] DIN 44956-2 (April, 1980) test was employed to characterize the performanoe of vacuum bag filter composites 
with respect to filtering fine dust particles. The test basically Involves filtering a 500 mg sample of SAE fine test dust 
through a circular 200 square centimeter of filter medium being tested using an air flow of 10 liters per second within 
6 a 30 second time period. The pressure drop through the test filter medium is measured before and after filtration. An 
absolute filter is employed to capture particles which pass the test filter. A coefficient of retention expressed as a 
percentage Is calculated from the quotient of the weight of sample captured by the test filter divided by the total of the 
test fiiter-captured sample weight and the weight of sample caught by the absolute fitter. 

[0076] Test for Air Pentieabiiity after Fine Dust Loading: The dust loading part of the DIN 44956-2 was performed at 
10 0.5 gram Increments on seven bags of each sample. However, the pressure drop values were not recorded again. The 
maximum sustainable air permeabiiity values were then determined on the bags, which had the specified levels of dust 
loading. 

[0077] A TSI Model 8110 filter tester was used for the measurement of media filtration efficiency. With the IS/lodel 
8110 tester 2.0 % sodium chloride solution (20g NaQ in 1 liter of water) was aerosolized by an aerosol generator. TTie 
15 NaCI water drops in aerosol were heated and NaCI crystailites with a 0.1 \Jjn diameter were formed. The mass con- 
centration of NaCI in the air was 101 mg/m^. Photometry was used to detect the volume concentration of the air In the 
upstream volume of the media (Cu) and the volume concentration of the air in the downstream volume of the media 
(Cd). The penetration aldllty of the NaQ particles was calculated as: 

^ Penetration = P [Cd/Cu] (100%) 

Examples 1-7. 

^5 [0078] Samples of various vacuum cleaner t>ag constructions shown In RGs. 1-3 and 4^7 were prepared and tested. 
Prior Art Examples 1 , 2, and 3 are typical prior art construction, and Examples 4, 5, 6. and 7 are representative of bags 
according to this Invention. Characteristics of the layers of the prior art and novel bag constmctlons were determined 
and are presented In Tables ill and iV. Weight, thickness, air permeability, pore diameter and filtration level penmeabllity 
of the overall composites are shown in Table V. Table V also presents pressure drop and air flow through the composite 

30 at fine dust loading measured in Increments from 0 to 2.6 grams by DIN 44956-2. Pressure drop data of T^^e V are 
plotted in Fl 63.9 and 10. Air flow data are graphed In FIG. 11. 

[0079] FIG. 9 shows that the three conventional constructions. Prior Art Examples 1,2 and 3 started to notably In- 
crease In pressure drop after only 1 .0 gram of dust loading. Prior Art Examples 2 and 3 which both contain MB fabrics, 
result in much lower increases in pressure drop with du^t loading up to 1.5 grams of dust After that point, the pressure 
3S drop of tioth Examples 2 and 3 increase substantially with increased dust loading t>ecause the relatlvely small pores 
in the MB fabrics became clogged with dust particles and cakes. 

[0080] Examples 5, 6 and 7 of this Invention showed very little pressure increase, even after the maximum loading 
of 2.5 grams of dust. Furthermore, the Init^l filtration efficiencies of Examples 5-7 were all at least as high as the prior 
art samples containing MB fabrics at 99.6%. Example 1. which contained no MB had a lower filtration efficiency of 

^0 96%, and it had the highest pressure drop with dust loading. A distinguishing diflferenoe between Prior Art Examples 
2 and 3 and Examples 5-7 Is that the coarse filter paper was upstream of the MB fieeoe in the latter three Examples. 
This enabled the fitter paper to filter and hold the dust particles, particulariy the larger dust particles^ so that the filtration 
grade MB fleece can filter out the smaller sized dust particles without clogging up the pores, even at a loading of 2.5 g. 
[0081] Furthermore, both the FWB and the filter paper used In Examples 4, 5, 6 and 7 are notably more open than 

-^6 the corresponding materials used in Prior Art Examples 1 , 2 and 3. The special coarse filter paper is much more open, 
as evidenced by the high air permeability rates. Thus, the special filter paper is able to hold more <^st Likewise, the 
air permeabiiity of the MB in Examples 4. 5, 6 and 7 is much higher, and the high bulk MB nonwoven is much loftier 
and less dense. This is accomplished by a number of ways in the manufacture of MB, but more often this Is done by 
Increasing the die-to-collector distance to allow for greater quenching of the MB filaments so that the seml-nfx)lten 

so filaments will have more time to oool and completely solidify before being deposited onto the collector. Water spray 
mists or chilled quench air may also be used to accelerate the cooling of the extruded MB filaments. 
[0082] The differences in MB fabrics is further highlighted in FIG. 10. Prior art Example 2 from FIG. 9 is again plotted 
in FIG. 10 and labeled as "SM." The novel example, labeled as "Example 4, AirRo" was constructed by first making a 
very porous, very lofty, high bulk MB nonwoven with a weight of 120 gfm^, which was used as the most upstream layer. 

ss This very MB web was loftier and more porous than the conventional MB fabrics used in Prior Art Examples 2 and 3. 
Accordingly, it served to filter out and hold a large quaritity of dust particles. Remarkably, even wHh the special 120 g/ 
m2 MB inner liner and a 22 g/m2 center layer, the Airflo Example 4 resulted in negligible pressure drop Increase with 
dust loading up to the maximum dust loading of 2.5 g. 
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[0083] Although Prior Art Example 1 did not contain any MB fleece, and had less pressure drop increase than Prior 
Art Examples 2 and 3, It still had substantially greater pressuna drop increase with loading than did Examples 5 and 
6, which had MB fleeces. It should be noted that the weight of MB polypropylene wab used in three of the examples 
was 22 g/m^. Nevertheless, the proper placement of the coarse filter paper and filtration grade MB fleeces In Examples 

^ 5 and 6 resulted in dramatically lower pressure drop Increase, because this enabled the filter paper to remove and 
liold the large and medium sized particles, and the filtration grade MB fleece only had to filter and contain the finer 
particles. There was little difference between Examples 5 and 6 in pressure drop, even at the highest dust loading of 
2.5 grams. The pressure drop was slightly greater with the wet-laid paper because hydrogen bonding between the 
cellulose molecular chains during wet processing malces the wet-laid paper denser with somewhat smaller pores at 

10 the same weight. 

[0084] FIG. 11 shows the results of examples which further dramatize the appreciable improvements obtained by 
placing a coarse filter paper upstream of the filtration grade MB fleece (on the inside of the bag) of this invention. 
Separate bags of Prior Art Examples 1^ and Examples 5-7 were loaded with fine dust in 0.5 gram Increments of 0, 
0.5, 1 .0, 1 .5, 2.0 and 2.5 grams of dust. Then the six bags with different degrees of dust loading were subjected to an 

IS air permeability test in which the maximum sustainable amount of air was passed through each bag sample. As can 
be seen in FIG. 1 1 , the novel l>ag construction, represented by Example 6 had a maximum sustainable airflow with no 
dust loading of 445 \/(rr^x s) compared to only 225 U(nAi s) with the Prior Art Example 3. At 1 .5 grams of dust loading. 
Example 6 had a sustained airflow of 265.4 l/(m^ s) compared to only 34.9 l/(m^ s) with Prior Art Example 3, and at 
2.5 grams of loading the performance differences were even more remarkable - 199.6 and 21.9 l/(m^ s). Prior Art 

2Q Example 2 had a maximum sustainable airflow of 411 {/(m^x s), but already at 1 .0 gram of dust loading values drop to 
those of oc^ventionai bag constructions. 

[0085] A conventional vacuum cleaner bag suffers from a relatively low airflow as seen tiy 18, 14.9 and 21 .9 l/(nrAc 
s) of prior art Examples 1 , 2 and 3 in FIG. 11 after the 6^^ dust loading. It is almost Impossible to add another layer of 
material to these constructions without reducing the airflow dramatically, in Examples 5 and 6 of FIG. 11, due to the 

2ff excellent performance of the new constructions, a possibility has been created to add more functions to the vacuum 
deaner bag. In toda/s vacuum cleaners a number of diffienent filters are used, amongst them active cart>on filters to 
absorb odors. Very often 3-6 different filters are used In a vacuum cleaner, each one having its own service life. 
[0086] Due to high airflow of the present invention, rt Is possible to Increase functionality such as by adding an extra 
layer of active carbon fibers in the bag oonstmctions without the need for a separate filter element. This construction 

30 has a number of EK^rantages, namely: 

1. Easier use of the vacuum cleaner for the end user, the separate, odor filter does not need to be replaced. 

2. Carbon filters in their present form have a negative influence on airflow and sometirr^s reduce overaO power 
35 of the deaner dramatically. 

3. The cartx)n filter Is mounted in a separate plastic molded housing, that can be eliminated by the cart>on layer 
in the vacuum cleaner bag. 

40 4. Due to the service life of a vacuum cleaner t>ag, one can expect the optimal function of the active carbon fit>ers 

during the time that the vacuum cleaner bag is used. 

5. As the separate plastic housing is no longer needed, the construction of the vacuum cleaner will become easier 
and therefore cheaper. 

45 

6. Tlie amount of active cartx)n fitters can be optimized In the service life of the vacui^n cleaner bag. 

7. Because of the limitation of space in a vacuum cleaner, active carbon fiber filters are reiativeiy small and very 
often do ruit have a big enough surface to absort) the odors properly. 

so 

8. By adding an extra layer of acth^e cartwn fibers to the novel bag construction, the problem of the restricted filter 
surface has been solved. 

55 
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dairra 

1. A filter for removing particles entrained in a gas oomprising: 

5 a coarse filter layer positioned upstream tn the direction of the air flow, and comprising at least one of 

(a) a wet-iaid high capacity paper (31; 217), having an air permeability of 500 - 8000 l/(m2 x s) and a basis 
weight of 30-150 g/m^ 

10 (b) a dry-laid high capacity paper (34), having an air pemneablllty of 500 - 8000 y{rr? x s) and a basis 

weight of 30 - 150 g/m2, 

(c) a high buiic mettbiown nonwoven (10), having an air pemneability of 300 - 8000 i/(mZ x s) and a basis 
weight of 30 - 180 g/m^, and 

15 

(d) a spunblown (Modular) nonwoven, having an air permeability of 200 - 4000 l/(m^ x s) and a basis 
weight of 20-150 g/m^, and 

a filtration grade meltblown fleece layer (11; 32; 35; 217). 

20 

2. The filter of claim 1 in which the filtration grade meltblown fleece layer has a basis weight of about 10-50 g/m^ and 
air permeability of about 100 - 1500 l/(m2 x s). 

3. The filter of claim 2 in which the wet-laid high dust capacity paper has a pore size of at least about 160 jxm. 

25 

4. The filter of claim 1 further comprising downstream of the fOtrafion grade meltblown fleece layer at least one outer 
layer comprising at least one of the following 

(i) a spunbond, wet-laid, dry-laid or hydroentangied nonwoven (10; 33; 36) or netting having a basis weight of 
^ about 6-80 g/m^ and air permeability of about 500 -12,000 i/(m? x s), and 

(il) an odor atisorbing composite comprising an activated cart)on fiber layer (215) having a basts weight of 
about 25 - 500 g/m^ and air permeabQity of about 500 - 3000 [/{m^ x s) upstream of a backing layer of fieece 
(214) having a basis w^ght of about 15 - 1 00 g/m^ and air permeability of about 2000 - 5000 y{n^ x s). 

35 

5. The filter of claim 1 further comprising a support layer (43; 64; 76; SI ; 134; 154; 186; 204) upstream of the filtration 
grade meltblown fleece layer. 

6. The filter of claim 5, ffi which the support layer is a spur^nd nonwoven. 

40 

7. The filter of claim 5 in which the support layer is upstream of the coarse filter layer (46; 81 ; 95; 142; 1 59; 212) and 
is one of the following (i) a netting scrim (47; 62; 96; 143; 160; 213) bonded to the coarse filter layer or (ii) a wet- 
laid tissue fleece (43; 64; 76; 91; 116; 134; 154; 186; 204). 

^5 6. The filter of claim 1 in which at least one layer is of a material suitable dielectric properties and which is electro- 
statically charged. 

9. The filter of claim 1 in which at least one layer is bonded to an adjacent layer of the filter. 
50 10. The filter of claim 9 in which all adjacent layers are bonded with a porous hotmeit adhesive. 

11. The filter of claim 9 in which ail adjacent layers are bonded. 

12. The filter of daim 4 in which the outer layer is ^unbond nonwoven having a b^is weight of about 1 0 - 40 g/m^, 
and the coarse filter layer is high bullc meltblown nonwoven having a basis we^ht of about 30 - 1 80 g/rh^ 

13. The filter of claim 4 in which the outer layer is spunbond nonwoven having a basis weight of afcx^ut 10-40 g/m^ 
and the coarse filter layer is a wet-laid high dust capacity paper having air permeability of about 600 - 8000 {/(m^ x s). 
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14. The filter of claim 4 in which the outer iayer ie epunbond nonwoven having a basis weight of about 10-40 g/m? 
and the coarse fiiter iayer Is a dry-laid high dust capacity paper having air permeability of abaut 500 - 8000 l/Cni? x s). 

1 5. The filter of dalm 1 in which the dry-laid high capadV |>aper comprises bicomponent fibers having a sheath of one 
polymer and a core of a different polymer having a melting point higher than the one polymer. 

16. The fiiter of claim 15 In which the bicomponent fit>ers comprise about 25 - 50% of tlie dry-taid high dust capacity 
paper. 

17. The filter of claim 15 in which the core is polypropylene and the sheath is polyethylene. 

18. The filter of claim 15 in which the core is disposed eccentric relative to the sheath. 

19. The filter of claim 15 In which the bicomponent fibers have one polymer alongside the different polymer. 

20. The filler of claim 1 in which the high bulk meltblown nonwoven is electrostatically charged. 

21 . A disposable vacuum cleaner bag, comprising a filter according to any one of claims 1 - 20. 



Patentanspruche 

1. Riterzum Entfemen von Partilcein, die In einem Gas rratgerlssen werden, umfassend: 

einen Grobfiiter, der stromaufwarts in Richtung des loiflstroms angeordnet ist, und umfassend wenigstens 

(a) ein nal^eiegtes Hochkapazitafspapier (31; 217) mit einer Luftdurchlassigkeit von 500 - 6000 {/(nri^ x 
8} und einem Fiachengewlcht von 30-150 g/rri^p 

(b) ein trockengelegtes Hochkapazitatspapier (34) mit einer Luftdurchlassigkeit von 500 - 8000 l/(m^ x s) 
und einem Fiachengewlcht von 30-150 g/lrh^, 

(c) ein hochvolumlndses Meitblown-Nonwoven (10) mit einer Luftdurchlassigkeit von 300 - 8000 \/{rri^ x 
s) und einem Rachengewicht von 30 - 180 g/m^, Oder 

(d) ein (rradulares) Spunblown-Nonwoven mit einer Luftdurchl^lgkelt von 200 - 4000 l/(m2 x s) und 
einem Fiachengewlcht von 20 - 150 g/m^, und 

eine Fiitrationsgrad-Meltblownvilesschicht (11; 32; 35; 217). 

2. RIter nach Anspaich 1 , wobel die Rttrationsgrad-Meitbiownvilesschicht ein Fiachengewlcht von etwa 1-50 g/m? 
und eine Lufldurchiassigkeit von etwa 100 - 1500 l/(m2 x s) hat 

3. Filter nach Anspruch 2, wobel das nal&geiegte IHoc^istaubkapazitafspapier eine Porengrol^e von wenigstens etwa 
160 ^m hat. 

4. Filter nach Anspruch 1, weiterhin umfassend wenigstens eine iul^ere Schidit stromabwarts der nHratlonsgrad- 
Meltblownviiesschicht, umfassend wenigstens 

(a) ein Spunbond, nal^gelegtes, trockengelegtes Oder wasserstolTs^rkettetes Nonwoven (10; 33; 36} Oder 
Netting mit einem Fiachengewlcht von etwa 6-80 g/m^ und einer Lufldurchlgssigkeit von etwa 500 - 12000 
l/(/m2xs), Oder 

(b) eine geruchsatasorbierende Zusammenselzung, umfassend eine aktivierte Kbhiefaserschlcht (215) mit 
einem Fiachengewlcht von etwa 25 - 600 gfm^ und einer Luftdurchlassigkeit von etwa 500 - 3000l/(m2 x s) 
stromaufwarts einer Tragerschicht aus Viies (214) mit einem Flachengewicht von etwa 15 - 1 00 g/m? und einer 
Luftduix^hiassigkelt von etwa 2000 - 5000 l/(m2 x s). 
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5. Filter rtach Anspruch 1 , weiterhin umfassend eine StOtzschlcht (43; 64; 76; 91 ; 134; 154; 186; 204) stromeufwarts 
der RlfretionsgiBd-Meltblownvliesschic^ht. 

6i RIter nach Anspmch 5, wobei die StOtzschlcht ein Spunbond-Meltblown ist 

7. RItsr nach Anspruch 5, wcbel dis Stutzschscht sfromsufmrts der Grobfilterschicht (46; 81; 95; 142; 159; 212) 1st 
und (i) eIn Netting-Scrim (47; 82; 96; 143; 160; 213) gebondat an die Qrobfiiterschicht Oder (ii) ein nat&gelegtes 
Tissue-Vlies (43; 64; 76; 91; 116; 134; 154; 186; 204) rst. 

8. RIter nach Anspruch 1, wobei wenigstens erne Schlcht aus einem Material mit geelgneten dielektrischen Eigen- 
schaften Ist, und da& eiei<trostatisch geiaden ist. 

9. RIter nach Anspmch 1, wobei wenigstens eine Schicht an eine benachbarte Schlcht des Riters gebondet ist. 

10. RIter nach Anspruch 9, wobei alle benachbarten ScMchten mit einmi pordsen Hotnnelt-Klebstoff gebondet sind. 

1 1 . RIter nach Anspruch 9, wobei aiie benachbarten Sd^chten gelx)ndet sInd. 

12. Riter nach Anspruch 4, wobei die aul^ere Schicht ein Spunbond-Nonwoven mit einem Fiachengewicht von etwa 
10-40 g/m^ ist, und die Qrobfiiterschicht ein hochvoiumlnoses IMeltblown mit einem Rachengewicht von etwa 30 
-180g/m2tet 

13. Riter nach Anspruch A, wobei die aul^ere Schicht ein Spunbond-Nonwoven mit einem Fiachengewicht von etwa 
10-40 g/m^ Ist, und die Grobfilterschicht ein nal&geiegtes IHochstaubkapazrtatspapier mit einer Luftdurchiassigl<ert 
von etwa 500 - 8000 l/(m2 x s) ist 

14. Filter nach Anspruch 4, wobei die aufiere Schicht ein Spunbond-Nonwoven mit einem Fiachengewicht von etwa 
10-40 Q/refi ist, und die GrobfUterschicht ein trockengeiegtes Hoclistaidskapazitalspapier mit einer Lufldurchids- 
siglceit von etwa 500 - 8000 i/(m2 x s) ist. 

15. Filter nach Anspruch 1 , wot>ei das trocicengeiegte l-iochlcapazltatspapler Bikomponentenfasem mit einem Marrtei 
aus einem Polymer und einem Kem aus einem unterschiedlichen Potymer mrt einem hoheren Schmeizpunkt ais 
der des ersten Polymers umfasst. 

16. RIter nach Anspruch 15, wobei die Bikomponentenfasem etwa 25 - 50 % des trockengelegten i-iochstaubi<apazi- 
talspapiers umfassen. 

17. RIter nach Anspruch 15, wobei der Kem Polypropylen und der Mantel Polyethylen Ist. 

18. Filter nach Anspruch 15, wobei der ICem exzentrisch t>ezuglich des Manteis angeordnet ist. 

19. RIter nach Anspruch 15, wobei die Bikomponentenfiasem ein Polymer langsseits des unterschiedlichen Poiymers 
haben. 

20. Filter nach Anspruch 1, wobei das hochvoiumlndse Meltblown-Nonwoven etektrostatisch geiaden ist. 

21. Wegwerfstaubsaugerbeutei, umfassend einen RIter nach einem der AnsprOche 1 - 20. 



Revandlcatlons 

1. Un fiiire pour eniever des particules entratnees dans un gaz comprenant : 

une couche de flltre grossier positionnte en amont dans la direction du flux d*air, et comprenant au moins un 
parmi : 

(a) un papier a haute capacite applique par vole mouiliee (31 ; 217), ayant une permeabillte a i'air de 
500-6000 i/(m2 X s) et un poids de base de 30-150 g/m^ 



20 



EP0960(545B1 



(b) un papier 6 haute capacity appliqud par vole seche (34), ayant une permeabilite a Pair de 500-8000 1/ 
(m^ X 8} et un poids de base de 30-150 g/ m? 

(c) un non-tisse a haut volume souffl§ en fusion (10), ayant une permeabilite a Pair de 300-8000 l/(m2 x 
8) et un poids de base de 30-180 g/ m^, et 

(d) un non-tiss^ fil6 souffle (modulaire), ayant une pemnSabilit6 ^ I'air de 200-4000 i/( rh^ x s) et un poids 
de base de 20-150 g/ m2 ©t 

une couche de molleton soufll^ en fusion de qualit6 de filtration (11 ; 32 ; 35 ; 217). 

2. i-e filtre selon ia revendication 1 dans lequel la couche de molleton souffl6 en fusion de quality de filtration a un 
poids de base d'environ 10-50 g/m^et une permeabilite a I'air d'environ 100-1500 l/(m2 x s). 

3. Le fiitre selon la revendicalion 2 dans lequel ie papier d haute capacity de poussl&re appliqu^ par voie moulU^e a 
une taiiie de pore d'au moins environ 160 jim. 

4. Le fiitre selon la revendication 1 oomprenant de plus en aval de la couche de molleton souffle en fusion de qualite 
de filtration au molns une couche extenne comprehant au moins un des sulvants : 

(1 ) un non-tias6 ou un grillage fil6 appliqu^ par voie mouillte, appliqu6 par voie s^che ou hydro-enchevdtn§ 
(10 ; 33 ; 36) ayant un poids de base d'environ 6-60 g/ m^ at une permeability 6 Tair d'environ 500^12000 1/ 
(m^xs), et 

(2) un composite absort^ant les odeurs comprenant une couche de fibres de charbon actif (21 5) ayant un poids 
de base d'environ 26-500 g/ m^ et une permeability ^ I'air d'environ 500-3000 1/( x s) plac6 en amont d'une 
couche de soutien en molleton (214) ayant un poids de base d'environ 15-100 g/ et une permeabilite a i'air 
d'environ 2000-5000 1/( mZ x s). 

5. La fiitre selon la revendication 1 comprenant de plus une couche de support (43 ; 64 ; 76 ; 91 ; 134 ; 154 ; 186 ; 
204) en amont de la couche de molleton souffl6 en fusion de quality de filtration. 

6. Le fiitre selon la revendication 5 dans lequel la couche de support est un non-tisse file lie. 

7. Le fiitre selon la revendication 5 dans lequel la couche de support est en amont de la couche de fiitre grossler 
(46 ; 81 ; 95 ; 142 ; 159 ; 212} et est Tune des suivantes (i) un canevas grillage (47 ; 82 ; 96 ; 143 ; 160 ; 213} lie 
a la couche de fiitre grossier ou (II) un molleton de tissu applique par vole moulllee (43 ; 64 ; 76 ; 91 ; 116 ; 134 ; 
154; 186; 204). 

8. Lje fiitre selon la revendication 1 dans lequel au molns une couche est conslitute d*un mat6riau ayant des proprl6t6s 
dielectriques adequates et qui est charge electrostatlquement. 

9. Le fiitre selon la revendication 1 dans lequel au moins une couche est lite ^ une couche adjacente du fiitre. 

10. Le fiitre selon ia revendication 9 dans lequel toutes les couches adjacentes sont liees avec un adhesif poreux 
fondu a chaud. 

1 1 . Le fiitre selon la revendication 9 dans lequel toutes les couches adjacentes sont ii^es. 

12. Le fiitre selon la revendication 4 dans lequel la couche exterieure est un non-tisse file lie ayant un poids de base 
d'environ 1 0-40g/ m^, et ia couche de fiitre grossier est un non-tisse a haut volume soufRe en fusion ayant un poids 
de base d'environ 30-1 80 g/ nri^. 

13. Le fiitre selon la revendication 4 dans lequel la couche ext§rieure est un non-4isse file lie ayant un poids de tiase 
d'environ lO^Og/ m2, et ia couche de fiitre grossier est un papier a haute capaoite de poussiere applique par voie 
moulllee ayant une pemneabilite a I'air d'environ 500-8000 1/( m^ x s). 

14. Le fiitre selon la revendication 4 dans lequel la couche exterieure est un non-tiss^ fil6 116 ayant un poids de t>ase 
d'environ 10-40g/ m^, et la couche de fiitre grossier est un papier a haute capacite de poussiere applique par voie 
seche, ayant une permdabiiit§ k i'air de 500-6000 1/( m? x s). 
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15. Le filtnB oompos6 selqn la revendication 1 dans lequel le papier 6 haute capadte appliqud par voie seche comprend 
des fibres bicomposantes ayarit un manchon fait d*un pofymene et une partte oenirale faite d'un polymere different 
ayant un point de fusion plus eleve que le premier polymere. 

16. Le filtre aelon (a revendication 15 dans lequel les fibres bicomposmtes comprennent environ 25-50 % de papier 
a haute capadte de poussi&re applique par voie s^che. 

17. Le filtre selon la revendicalion 15 dans lequel la partle centrale est en polypropylene et le manchon en polyethylene. 

18. Le filtre selon ia revendication 15 dans lequel ia partle centrale est dispos§e de maniere excentrique par rapport 
au manchon. 

19. Le nitre selon ia revendication 15 dans lequel les fibres bicomposantes ont un polymere le long du polymere 
dlfrSrent. 

20. Le filtre selon la revendication 1 dans iequei le non-tisse a haut volume souffle en fusion est electrostatiquement 
chaig6. 

21 . Un sac jeiable d'aspirateur compnsnant un filtre selon une des revendications 1-20. 
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BAG CONSTRUCTION EXAMPLE I 



25 24 



CLEAN SIDE 



WET-UID RLTER PAPER 
200-500 l/m^/s 



at 



0»3 



SO 



IS. 



SIDE EXPOSED TO AIRFLOW 



WET-LAID SUPPORTING FUEECE 
1000-2500 l/mVs 



TRAOITIOKAL VACUUM CLEAHER BAG COHSTRUCHON CONSISTING OF WCT-UID 
SUPPORTING FLEECE (INSIDE OF BAG) AND WET-LAID FILTER PAPER Cais outlet stob> 
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BAG CONSTRUCTION EXAMPLE 2 
27 26 



CLEAN SIDE 




SIDE EXPOSED TO AIRFLOW 



SPUNBOND + MELTBLOWN 

80 g/m2 
450 l/m^/s 



HG.2 

TWO-UYER VACCUM CLEANER BAG CONSTRUCTION IN WHICH MELTBLOWN 
ULTRAFINE HBER FLEECE ON THE INSIDE! OF THE BAG SERVES AS BOTH 
THE DUST HOLDING AND FILTRATION COMPONENT 
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BAG CONSTRUCTION EXAMPLE 3 



30 29 28 




Has 

THREE-LAYER VACUUM CLEANER BAG IM WHICH A WET-UID SUPPORTWG FLEECE 
WITH VERY UTTLE OUST HOLDING CAPACITY IS ADDED TO PROTECT THE 
MELTBLOWN FLEECE FROM ABRASION. 
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BAG CONSTRUCTION EXAMPLE 4 



12 11 



CLEAN SIDE 



SPUNBOND 
500-10000 l/m^s 




SIDE EXPOSED TO AIRFLOW 



MELTBLOWN 
300-8000 l/mVs 



MELTBLOWM 
100-1500 



i/mVs 



HG.4 



INVENTIVE NEW THREE-UYER VACUUM CLEANER BAG CONSTRUCTION M WHICH 
A SPECIAL BULKY MELTBLOWN IS PUCED IN FRONT OF MaiBLOWN FLEECE 
AND THE SPUNBOMO LAYER IS PUCEO ON THE OUTSIDE OF THE BAG 
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BAG CONSTRUCTION EXAMPLE S 



33 32 31 



CLEAN SIDE 



SPUNBOND 
500-10000 r/m^/s 




SIDE EXPOSED TO AIRaOW 



WET-IAIO SPECIAL RLTER PAPER 
500-8000 l/mVs 



MELTBLOWN 



100-1500 l/mVs 



HQ 5 

INVENTIVE NEW THREE-UYER VACUUM CLEANER BAG CONSTRUCTION IN WHICH 
WET-LAID SPECIAL FILTER PAPER IS PUCEO IN FRONT OF MELTBLOWN FLEECE 
AND THE SPUNBOND-. DRY-UI0-, OR WET UID LAYER OR OTHER SUITABLE 
TYPE OF NONWOVEN SCRIM. tS PLACED ON THE OUTSIDE OF THE BAG. 
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BAG CONSTRUenON EXAMPLE 6 



CLEAN SIDE 



SPUNBOND 
500-10000 l/mVs 




SIDE EXPOSED TO AIRFLOW 



DRY-LAID SPECIAL FILTER PAPER 
500-8000 l/mVs 



MaieLOWN 
100-1500 l/mVs 



HQ 6 



INVENTIVE NEW THREE-UYER VACliUM CLEANER BAG CONSTRUCTION IN WHICH 
ORY-UlO SPECIAL FILTER PAPER IS PLACED IN FRONT OF MELTBLOWN FLEECE 
AND THE SPUNBOND LAYER IS PUCED ON THE OUTSIDE OF THE BAG. 
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BAG CONSTRUCTION EXAMPLE 7 



lf> v> 
M CM CM CM 




Ha? 

INVENTIVE NEW THREE-LAYER VACUUM CLEANER BAG CONSTRUCTION IN WHICH 
WET-LAID SPECIAL RLTER PAPER IS PLACED IN FRONT OF MELTBLOWN REECE 
AND THE CARBON WtTH FLEECE IS PUCED ON THE OUTSIDE OF THE BAG. 



.29 



EP0960645B1 




30 



EP0960645B1 




31 



EP096064SB1 



UJ 




32 



EP 0 960 645 B1 




33 



EP0960 645B1 



UJ 

to 



§ 

tn 

S3 
> 



I a. 
O O 

^ of 



o 



C3 

O 
-I— ♦ 

CO 

> 



I 

>- 

Of 

o 

o 

r 

UJ 



3? 

tn 
O 



OLi: 



5 3 

UJ i — 




I 

CM to 

0^ 0> 0> Ol CD 



m ID 



I 

CI at 



;-< cui^cL. 



I 

oiOO 



<2^ 



s3 
oo 

a 

E 



oo 



34 



EP 0 960 645 B1 




35 



EP0960645B1 



■§ 

> 



3 

O 
I 



01 

a 
o 



-or 

3 
I 



O 



a. 

Ul 

i 



CO 

o 

Ul 



is 



a: 

Ui 

o. 
5C 



il 




H— -^^^ 



CD 



OOljJCDm OQlxl UJO 




CMCM C>JC»Cs|K)K> lO KJ K> 



eg 

CO 

w 



00 



00 



36 



EP 0 960 645 81 




37 



EP096064SB1 




38 



EP 0 960 645 B1 



r 

>- 



I 



O 
Ui 

a. 

CO 

rn 
o 



0£ 

o 
I 

t3 



-< 
a. 



O 
-a 



0£ 
O 
I 



2e 



5 

o 



to 

Up! 



CO iO tf> Ci>lO 




Q_C3Li-»0-«C_JO 



25 
o 




OO 



39 



EP 0 960 645 B1 



U 

LU 

w 



g 



i 



o 



o. 



o 
E 

;2 



UJ 



5 

I 



O 



f 

-< 

CO 

a 



o 

2SS 



iil. 



— \ f ^ uj 
3tazo win 



a. 



— I GC 

S OL. 
I — O- 

to 




to IS to ICO I-L. to 




to 
S5 



£2^ 



X 

00 

E 



00 

u 



40 



EP 0 960 645 B1 



Of 
UJ 



Q- 



3 

O 
<0 



O 



o tz: 
o 



^1 

o: 



3o 

C3 ^ 



1^ OH 



to 

OO Of 

Co. 



N 
o 

I 



a 



o 
I 



— — rf-^V ■« « ^ 




mmcnonovoo o oo 

•-^*r-^^CM€M CM CVO« 



N 

00 

0 

a 



I 



o G 

a. 

UJ CO 




CMCMC>4CMCN|CS|C4 CM CM 



41 



EP0960645B1 




42 



EP 0 960 645 B1 




43 



THIS PASE BLANK (MSPto) 



